Abstract-The power utilities are experiencing a new challenge as the demand for electrical power is increasing on a regular basis. This forced the existing networks operates closed to its stability limits. The ability of a power system to remain acceptable magnitude voltages at all bus under both normal and contingency conditions, known as voltage stability is the major concern for both transmission and distribution network to ensure that a secure and reliable electrical power is able to transmit from generation to load side. This can be mitigated by integrating Custom Power (CP) device on the existing transmission system. However, the location of CP device is significantly important to ensure adequate investment of CP device in networks that will enhance the voltage stability margin, reduce power loss and improve voltage profile. In this paper, the optimal location of Distribution Static Synchronous Compensator (DSTATCOM) is introduced by analyzing results obtained from two studies; load flow and voltage stability indices. The studies were examined using the modified IEEE 30 bus system which is modelled and tested using DigSILENT PowerFactory 16 as simulation tools.
I. INTRODUCTION
Future load demand in a modern power system is expected to increase day by day. This significantly caused the power system networks operate close to its stability limit. Thus, an appropriate planning such as constructing new power generation plants, adding new generating units or reinforcing the transmission and distribution network is crucially important in order to accommodate the future load growth [1] . The optimal use of existing power is more preferred instead of adding new transmission line to boost up the capacity of networks.
The voltage instability occurs in power system when there is an uncontrollable drop in voltage magnitude after being subjected to a severe disturbance, load growth occurrence or change in operation condition [2] . This leads to unacceptable voltage profiles at certain buses which mainly due to inability of the power system to meet the demand for reactive power. Therefore, the voltage instability may lead to loss of load in certain area or trip of transmission lines that can significantly lead to cascading outages and finally total power system blackout. One of the most common competing Custom Power (CP) devices is the Distribution Static Compensator (DSTATCOM). DSTATCOM is not only capable to balance the current, but also remove harmonics from the current and regulate the load voltage which significantly improve the power factor [3] .
The CP devices are also known as Distribution Flexible Alternating Current System (D-FACTS). These devices are the best solution for power quality issues which are also similar to Flexible Alternating Current Transmission System (FACTS) devices. Both of the FACTS and CP devices have the same common technical base but different performance goals since FACTS devices are used in transmission system whereas CP devices are used in distribution system [4] . Due to high cost, the optimal placement of CP devices in distribution system are essential to provide an effective control.
A suitable location of DSTATCOM is crucially important to ensure adequate investment of the device in networks that will enhance the voltage stability margin, reduce power loss and improve voltage profile [5] . Hence, the voltage stability studies are significantly important to ensure DSTATCOM is located properly that will optimally mitigate all the power system issues [6] . Voltage stability indices is a static analysis that is typically used to approximately analyze the voltage stability problems. It is used to predict the voltage collapse and determine the weakest bus, line and area in power system.
The investigation on the optimal placement of DSTATCOM for voltage stability improvement are done in [7 -8] . Based on several analyses conducted such as power flow, maximum loading, voltage profile, voltage collapse rating and power losses, the optimal location of DSTATCOM controllers are proposed under several operating conditions. The sensitive buses are introduced as the best placement for D-FACT controllers since it provides the optimal results in most of the studies.
In this paper, the load flow and voltage stability studies were conducted to investigate the most optimal location of DSTATCOM in IEEE 30 bus distribution system that will significantly enhance the stability and security of power system. The study was conducted in DigSILENT PowerFactory as simulation tools. Several case studies were conducted by evaluating the power system under several condition using the modified system. 
B. Maximum Loadability
The maximum loadability is the margin measured by gradually varying the reactive power from the base case solution to the maximum point before the ordinary power flow solution failed to converge. At this point, the power system has reached the voltage stability limit or also known as bifurcation point. The maximum loadability margins for all load are then sorted in descending order to identify the strength of bus. Bus with the highest value is classified as strong bus whereas the lowest is identify as weak bus.
The procedures to evaluate maximum loadability for strong and weak bus identification are determined as follows [10] :
i.
Run the power flow program under the base case condition. ii.
Steadily increase the reactive power loading at the selected load bus until the power flow solution failed to converge iii.
Record all the maximum loading results for every load bus and then ranked in descending order. iv.
Identify the strong and weak bus base on the result of maximum loading
C. Voltage Stability Indices
The ability of a power system to maintain steady voltages at all buses in the system is known as Voltage Stability. The major source of voltage instability occurrence is inadequate reactive power supply or excessive reactive power absorption that force the system to operate closed to the bifurcation point which leads to voltage collapse. At this point, the system unable to retain the generation and network schedule. Voltage stability indices (VSI) is the static analysis that capable to determine the condition of the power system and reveal the critical lines and buses which operate closed to it stability limit.
Various techniques are available in past literature to evaluate the condition of voltage stability in the system. However, only three indices are considered in this study; the fast voltage stability index (FVSI), the voltage collapse proximity index (VCPI) and line collapse proximity index (LCPI). The mathematical derivation of the VSIs are generated from a two-bus system model as illustrated in Fig.  3 . The lines which appear with index closed to 1 are classified as the most critical lines in the network and this gave an indication that the system is about to suffer a voltage collapse. Moghavvemi and Faruque (1998) in [11] , using the maximum power transferred trough a single line concept. The maximum power transferred from sending to receiving end for both real and reactive power can be obtained as follows: 
Where: = the impedance angle = the load impedance angle ( = tan −1 / ) The maximum power transferred for both real and reactive power losses can be determined as follows: 
From the maximum transferable power for both real and reactive power and losses, four VCPI equations are generated as below:
VCPI power :
VCPI losses :
= ( ) (7) and are the real and reactive power at the receiving end while and are the real and reactive power losses in transmission line connected between bus i and j. All these values can be obtained from the conventional power flow calculations. The user can select either real or reactive terms for both VCPI power and VCPI losses, instead of calculating all four indicators since VCPI (1) = VCPI(2) and VCPI(3) = VCPI(4) for all loading conditions. The increment of power flow in line also significantly increased the line losses. Thus, the VCPI losses are also obtained to observe the current operation of the power system whether it operates closed to the stability limits. During light loads, the VCPI losses measures low value compare to VCPI power. When the loading condition moves closed to the final point of the nose curve, all VCPIs reach 1. VCPI losses are more sensitive than VCPI power when the system is working approach to the voltage collapse point. Hence, VCPI losses are more suitable to measure the voltage collapse point exactly compare to VCPI power which are more suitable to indicate the voltage collapse in the line.
c) Line Collapse Proximity Index (LCPI)
The Line Collapse Proximity Index proposed by Tiwari et al (2012) in [12] has improved the limitation in other indices by including the line charging reactance in the equations of indices and the relative direction of the real power flow in line with respect to the flow of reactive power. Based on the ABCD parameters of transmission line in the two port equivalent circuit, the equation for LCPI is generated as follows: 
D. Power Losses in Transmission Network
Power losses are mainly due to energy dissipated in power system equipment such as transmission lines, distribution lines, transformer etc [13] . Power losses are wasteful energy which are not paid by users and cannot be eliminated. The major contribution of losses in power system is mostly in primary and secondary distribution lines. One of the main objective in power system operation is to ensure that the electrical power generated from generation sides are transferred efficiency and effectively to the consumers as reliable, secure and economic as possible.
The power losses can be easily obtained from the power flow results by determining the losses in each line as follows:
Where, is current flow between bus i and j which can be obtained as follows:
Then, the total power losses in network are calculated by summing all power losses in lines as follows:
Where N is the total number of lines in the power system.
E. Voltage Profile Index (VPI)
The voltage profile index (VPI) is developed to observe the assign single value to indicate how well the voltage matches the ideal [14] . VPI capable to compare the results of voltage profile measured in different scenarios where a scenario with the highest VPI provides a better voltage profile. VPI can be obtained as follows:
Since,
Where:
= number of bus in the power system = the bus magnitude voltage at bus i = the mean bus voltage
III. RESULTS AND DISCUSSIONS
In this section, the simulations were conducted in three different scenarios as described in Table I . The first scenario was conducted to evaluate the behavior of system under base case scenario and conduct the maximum loadability test to examine the strongest and weakest bus in 33kV network. Based on result in the base case scenario, several possible locations for DSTATCOM integration were selected for further investigation. In the second scenario, the PQ in all 21 load buses are increased up to 200% which is the maximum permissible load before system reaches to the point of collapse. This was done to evaluate whether the existing system is able to withstand the load growth occurrence. The location of DSTATCOM is proposed in Scenario 3 by evaluating the most optimal location that capable to mitigate the 200% load growth occurrence.
A. Scenario 1 : Base Case Study
The maximum loadability test was performed in all 33kV network to determine the strength of bus for DSTATCOM implementation. The results were ranked in descending order and the top three highest and lowest maximum loading as shown in Table II . The intermediate buses were chosen based on the position of these buses itself. In this study, Bus 25 and 27 were chosen due to the location of these buses which are located next to the weak bus (Bus 26, Bus 29 and Bus 30). Next, Bus 22 was also considered in this study since it is located next to bus with largest load in distribution network (Bus 21).
The location of DSTATCOM plays an important role to ensure it contributions capable to meet the objectives of power system operation. According to the past literature, the location of DSTATCOM must be located on the most sensitive bus (weakest bus) for an optimal performance and if the DSTATCOM is located at least sensitive bus, the system may not sufficiently improve as this bus may be located far from the load centre and weak buses [15] . Thus, only intermediate and weak buses were considered in the next scenario. 
B. Scenario 2 : Load growth occurrence (Without DSTATCOM)
The demand in electrical energy is increasing day by day with expectation by average of 4.7% per year in ASEAN countries [16] . The future power system's planning is essential to accommodate this load growth occurrence by ensuring the existing system is able to maintain secure, reliable and economical. Thus, the load growth occurrence is considered in this study to evaluate whether the system is able to withstand this event and proper planning to denote the actions required for the future.
To evaluate this load growth effect, PQ load were varied simultaneously up to the maximum limit before the power flow is unable to converge. All loads are able to increased up to 200% from the base case condition. The indices were calculated again to observe the effect of load growth occurrence in the existing system especially at all sensitive lines. With the load growth occurrence, most of the indices in line were measured above than 0.1 with the highest was recorded at line 27-30 (0.83pu). The total power losses were also massively increased from 7.7MVA under base case condition to 785.992MVA under load growth test. Besides, the bus magnitude voltage at all load buses were experience at the lowest especially at the most sensitive buses such as bus 30, bus 29 and bus 26 (0.552pu, 0.62pu and 0.627pu).
C. Scenario 3 : Load growth occurrence (With DSTATCOM)
The effects of load growth occurrence are clearly demonstrated in previous section whereby the system is operated near to its point of voltage instability, the voltage profile at all buses are worsen and the total system losses is tremendously increased. Therefore, DSTATCOM is introduced to mitigate this problem. In this study, the DSTATCOM is located at several possible locations which are proposed based on maximum loadability results obtained in 
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Voltage Stability Indices at 33kV Distribution Lines This paper presents a method for optimal location of DSTATCOM integration. The proposed method targets to fully employ the DSTATCOM which not only enhance the voltage stability but also improve the voltage profile and total MVA losses. Several power system studies were conducted such as maximum loadability, voltage stability and voltage profile by considering future load growth occurrence to evaluate the optimal location of DSTATCOM. It was clearly shown that the impact of DSTATCOM integration in 33kV distribution system has significantly improved the system's performances. However, with the proper location of DSTATCOM has contributed to an additional improvement for the overall system in enhancing the voltage stability, improving the voltage profile and minimizing the MVA losses. The sensitive buses (Bus 30, Bus 26 and Bus 29) has been proven as the most suitable locations for DSTATCOM integration. Besides, the intermediate bus (Bus 25) can also be considered as the potential location since it not only improved voltage stability but also reduced total MVA losses and increased the voltage profile for the overall system due to its position which is located next to the weakest bus (Bus 26). 
